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Abstract 
Filtering techniques have been successfully used in the field of condition monitoring and fault diagnosis. By the use 
of signal filtering, the impending system fault can be revealed effectively to prevent the system from malfunction. 
This paper discusses recent progress of classical and advanced filters for the condition monitoring and fault diagnosis. 
Excellent work is introduced from the aspects of the Wiener filtering algorithms, the Kalman filtering algorithms and 
the novel self-adaptive filtering algorithms. An overview of some promising algorithms for enhancement of filtering 
performance is presented. The review result suggests that the intelligent information fusion based fault diagnosis 
expert system with self-learning and self-updating abilities is the future research trend for the condition monitoring 
fault diagnosis based on filtering theory. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
Keywords: Condition monitoring; Fault diagnosis; Vibration; Signal processing 
* Corresponding author. Tel.: +86-27-87214969; fax: +86-027-86549879. 
E-mail address: bingheku6@sina.com.cn. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
184  Xiaochun Wu et al. / Procedia Engineering 15 (2011) 183 – 1872 Xiaochun Wu ，et al/ Procedia Engineering 00 (2011) 000–000 
1. Introduction 
Fault diagnosis technology research mainly include four aspects, including fault mechanism research, 
signal processing and feature extraction research, fault reasoning research, and equipment research for 
condition monitoring and of fault diagnosis. The most widely studied field is signal processing and 
feature extraction research. The signal processing methods including all sorts of classical and modern are 
effectively applied in the fault diagnosis, and have got many outstanding achievements. In this paper, we 
mainly review the application and achievements of the filtering technology in the field of condition 
monitoring and of fault diagnosis. 
2. Wiener Filter and Its Applications 
Wiener filter is a kind of commonly used adaptive filter for stationary signals. It is also marked as least 
mean-squares (LMS) adaptive filter. Wiener filter adopts a certain adaptive algorithm (such as steepest 
descent method, etc.) to minimize the error between the desire response and the filter output. By doing so, 
the optimized filter parameters can be obtained. Zhou et al. [1] proposed the viewpoints and method for 
the design of the mechanical failure signal filter based on Wiener filter theory. Yang et al. [2] proposed a 
bearing fault diagnosis method based on cyclic wiener filter and envelope spectrum analysis. They 
duplicated and shifted the input signal in the frequency domain by amounts corresponding to the cyclic 
frequencies to filter the noise. Then the envelope spectrum analysis was used to analyze the output of the 
filter to realize weak fault diagnosis. Zhou et al. [3] proved that the wiener filtering can effectively 
eliminate background noise interference in the motor fault diagnosis. Considering that the accurate 
reference signal is impossible to obtain in the mechanical fault diagnosis, Guo [4] proposed the adaptive 
cyclostationarity signal intensifier based on cyclic wiener filter and proved its efficiency in the noise 
removal. Ibrahim et al. [5] adopted wiener filter to realize the feature extraction of induction motor rotor 
fault signal.  
Literature review indicates that there are few application reports about the Wiener filter because of its 
lack on project accounting. However, we can find some clues about self-adaption content for the 
development of Wiener filter [4]. The future study trend is to construct a self-adaption filter on the basis 
of Wiener filtering theory.  
3. Kalman Filter and Its Applications 
Kalman filter have been extremely used in aviation, spaceflight, ships, control system and so on, and 
have been further improved in the practice. Kalman filter is a recursive algorithm based on linear 
minimum variance estimation. To overcome the inherent shortcomings of Kalman filtering theory, the 
square root filtering algorithm and UD decomposition filtering algorithm have been proposed to solve 
computer rounding error problem. The H∞/H2 filtering algorithm is applied to solving the plant model 
accuracy and external disturbance. The adaptive Kalman filtering algorithm is used to deal with the 
unmodelled dynamics characteristic interference, the interval Kalman filtering method is adopted to solve 
system parameter uncertainties, and the extended Kalman filtering (EKF) algorithm is proposed to tackle 
the nonlinear system, etc. The most mentionable algorithms include Carlson’s optimum information 
fusion criterion for federal Kalman filter [7, 8], the maximum likelihood optimal information fusion 
criterion by Kim [9] and Chen [10], and the optimal information fusion criterion weighted by scalars [11], 
etc. These novel methods solve the practicability of the kalman filter, improved its engineering 
application. As a result, Kalman filter has obtained outstanding achievements in aerospace, automobile, 
shipbuilding, mining and manufacturing fields, especially in item of fault diagnosis.  
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Furthermore, the adaptive Kalman filter algorithms have been emerged to reduce the influence of the 
modeling uncertainties and environmental uncertainties. Tian et al. [12] proposed dual adaptive fading 
factor Kalman filter technology and designed a residual scrutiny fault diagnosis method of SBW system 
key sensors. Qi et al. [13] proposed a novel Unscented Kalman filter to estimate the system parameters 
and states. Jia et al. [14, 15] applied the multiple model adaptive Kalman filtering method for the fault 
diagnosis of UAV control system sensors and actuators, and obtained high diagnosis accuracy. These 
research results constantly perfect the Kalman filter, and promote its practicability and reliability in 
industrial practical process. At the same time, in order to further overcome the shortcomings of Kalman 
filter, the fuzzy theory, neural network, expert system are combined with Kalman filter to open a new 
research direction for nonlinear filtering technology. Hybrid intelligent Kalman filter has also obtained 
successful applications in fault diagnosis. Guo et al. [16] put forward the combination of radial basis 
function (RBF) neural network and fuzzy adaptive Kalman filter to process decoder data flow.  She et al. 
[17] put forward the combination of Kalman filter and neural network modeling error compensation to 
diagnose engine pneumatic components. Xu et al. [18] proposed a mobile robot localization method based 
on fuzzy-adapted extended Kalman filtering. Liu et al. [19] combined neural network with the Kalman 
filter for fault diagnosis of navigation system. Zang et al. [20] proposed a new fault detection algorithm 
based on neural network and Kalman filter. A neural network was trained according to INS model, so the 
accurate priori information was held by the trained NN. The difference of the output between networks 
and model can be the parameter of fault diagnoses. Huang et al. [21] combined Kalman filter and expert 
system to study the internal fault prediction of dynamic system. Luo et al. [22] discussed the dynamic 
aircraft electronic equipment intelligent fault diagnosis system, designed the general diagnosis structure 
and solutions based on neural network Kalman filter, and laid the foundation for the engineering practice. 
Song et al. [23] presented a T-S model to extend the fully decoupled parity equations to fuzzy parity 
equations for nonlinear systems. The sensor faults are represented as biases and scale factor changes. The 
biases and changes in the scale factor can be identified using the information contained in the residuals by 
a parameter estimator based on the Kalman filter. Wen et al. [24] proposed a multi-scale induction motor 
fault diagnosis method based on wavelet transform and EKF. Lu et al. [25] proposed a method of engine 
component fault diagnosis based on decision fusion of self tuning weight using by Kalman filtering and 
adaptive genetic algorthms support vector regression. To sum up, the future research will be focus on the 
combination of artificial intelligence method and the Kalman filter to eliminate the dependence of prior 
known signal and noise statistical properties. The achievement of this integration can effectively improve 
practical ability of the filtering technology in fault diagnosis.  
4. Adaptive Filter and Its Applications 
The principle of adaptive filter is to use the current filtering results to tune the filter parameters 
automatically and thus achieved the optimization filtering [26]. Owning to this characteristic, the adaptive 
filter is not only suitable for stationary signals, but also nonlinear signals.  
Professor Deng [11] divided the adaptive filtering problem into there categories according to the priori 
knowledge of the mathematical model and noise statistics. The first one is accuracy known of system 
model and the observation model (i.e. state transition matrix and observation matrix is exactly known), 
but the noise statistics (mean and covariance) is unknown. The second one is that the system model, 
measurement model and the noise statistics are unknown. The third is that the system model, 
measurement model is approximate known (with unknown model error), and the noise statistics is known 
or unknown. Currently, popular linear adaptive filter algorithms include LMS algorithm, RLS algorithm, 
transformation territory algorithm, affine projection algorithm, conjugate gradient algorithms and so on 
[26]. 
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Although adaptive filtering technology attracts a lot of researchers with its unique advantages and 
achieves good results, it still needs further perfecting in following aspects [27]: 
(1) Several main indexes include convergence rate, tracking speed, the complexity of algorithm and 
stability are introduced to measured adaptive filter algorithm. The future research direction of algorithm 
development will be toward the faster convergence and tracking speed, the lower complexity of 
algorithm, and the better stable performance. 
(2) Adaptive filter algorithm of variable step-length exists the contradiction between convergence speed 
and the steady-state performance, which is one of the future research directions. 
(3) Practical application of the algorithms will promote the algorithms. The application is restricted 
because the complexity of existing algorithms is too high. In addition, there exists limitation to the scope 
of the algorithms. 
(4) There is plenty of work to develop a new hybrid algorithm combined with advantages of some 
adaptive filter algorithms. However, significant breakthroughs need to make in the near future. 
5. Conclusions  
To achieve a dynamic system condition monitoring and fault diagnosis, primary task is the need to get 
enough reliable characteristic information from the system. Due to the fluctuation of the system itself and 
the environment disturbance, reliable signal collection is seriously affected. It is therefore very urgent for 
advanced filtering technology to eliminate noise. No matter classical or advanced filtering techniques, 
they have achieved great progress in the field of condition monitoring and fault diagnosis. In the point of 
systematic view, every technology is a part of the whole diagnostic system, and the efficient fusion of 
these parts will provide best performance for the condition monitoring and fault diagnosis. Thus, the 
future filtering technology research will focus on the intelligent expert system based filtering system. To 
realize the expert system, the core issue is to break through the bottleneck of knowledge acquisition, 
update the data model in a reliable manner and provide good generalization ability of the expert system. 
By doing so, the filtering expert system can offer accurate estimation of the potential abnormalities, and 
prevent system form breaking out to ensure the normal operation of the machines. Hence, the loss caused 
by the machine breakdowns can be minimized significantly. 
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